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Abstract 
Pile foundations of buildings and structures have a wide range of types and sizes. Different types of piles interact with the 
surrounding soil in a specific pattern. The study examined the interaction of helical piles of reinforced concrete with the 
surrounding soil. The results of the interaction numerical modeling are given. The study was performed using the mathematical 
apparatus of the FEM with the help of the "POLUS" software. The problem statement is axisymmetric. The criterion for soil 
strength is Mohr-Coulomb. The influence of various factors on the carrying capacity of screw piles was numerically studied. 
In addition to the numerical simulation results of field tests conducted in accordance with the requirements of national standards, 
the dependence of the load-precipitate and results of field and numerical experiments are compared. 
The results of the tests proposed an analytical model to calculate the bearing capacity of the concrete screw piles. A distinctive 
feature is that, instead of the coefficient of friction on the lateral surface criterion, the following soil strength criterion - Mohr-
Coulomb – is applied to the pile interaction with the surrounding soil. This fact allows a more reliable calculation of the screw 
pile bearing capacity. To calculate it, one only needs the test results of soil samples in the cut. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
The urgency of the problem is caused by the development of the global construction industry. Because of this 
constantly rising demands on the bearing capacity of foundation [10]. 
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During the research the possibility of using the authors developed and patented screw piles [5-7] proposed a 
number of technical solutions to their manufacturing and calculation. 
Determination screwed pile bearing capacity taking into account the surrounding soil crushing and rheological 
processes may be performed by full-scale trials. During the tests should be applied according to the method of 
testing piles national standard. 
2.  Full-scale experimental research 
Land with foundation pit was selected for testing concrete screw piles. Engineering and geological surveys [4] 
were carried out to determine the physical and mechanical characteristics of the foundation soils (Table 1). 
     Table 1. The physical and mechanical characteristics of the foundation soils 
Properties Unit Value 
Density kN/m3 17.5 
humidity % 16.8 
Index of plasticity % 14 
Flow index - 0.55 
Angle of internal friction ° 19 
Intercept of the failure envelope kPa 24 
Deformation modulus MPa 13.4 
 
Stand was set up to test [8]. The length of the test pile is 1 meter. The diameter of the pile shaft - 70 mm. The 
diameter of the outer loop of thread 140 mm. Material piles - polymer concrete. Scheme test rig consists of two 
supports and a transverse beam for loading the shank (as shown in figure 1). Load value increases by 15 times by the 
lever. The tests determine the bearing capacity of the concrete screw piles pull-out. Steel screw pile pinch perceived 
effort. The loading of test piles carried out evenly, the load in steps of 0.1 of the maximum load on the pile [3].  
 
 
Fig. 1. scheme of test stand 
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Fig. 2. (a) appearance drill; (b) the test process; (c) completely taken out pile. 
The experiments showed that soil destruction occurs along the ridges of the thread. Thus, there is a "clean cut" on 
the ground similar to the process that takes place in the shift unit. In the absence of stress on the seal crimping 
during assembly, the bearing capacity on the side surface is equal to the specific soil bonding.  
It is clear that this value is minimal, because the distance the crest of thread tension are significant and have a 
complex distribution pattern. Analysis showed that the bearing capacity by the structural strength exceeds the 
friction on the lateral surface in the 1.3-1.7 times. 
Influence of rheological processes on the bearing capacity due to stress redistribution requires additional 
research. For these purposes, made 4 screw piles. Two piles will be tested at 1 year after the device, the two 
remaining -through 2years. Test results are shown at the fig 3. 
 
 
Fig. 3. Graphs of the load – deformation 
When calculating the bearing capacity of [1, 2] Fd = 2.64 kN. The actual bearing capacity of more than 7 kN. 
Therefore, it is necessary to make adjustments to the method of calculation. 
Changing the microstructure was investigated soil bearing capacity of addition. For this purpose an optical 
microscope with 300 × magnification was assembled. It is seen that at a distance of 40 mm from the pile shaft 
structure underwent substantial seal. No macropores. Structure became homogeneous. 
Further studies will show rheological changes and will study the effect of these processes on the bearing capacity 
of the pile 
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Fig. 4. (a) the unbroken soil microstructure (x300); (b) microstructure in the contact zone of soil (x300). 
3. Numerical experiment 
While trying to get a high quality model was made numerical simulation. Results should conform to the natural 
experiments. The calculation was performed in a physically nonlinear formulation using finite element method. 
Limiting surface soil mass is described by Coulomb's hypothesis - the plague for ground arrays. Axisymmetric 
problem. The disclosure of non-linearity used step method. Load Increment received 0.5 kN. The results were 
derived from a 20t increments of 10 kN. The calculation was performed by software complex Polus [9]. 
 
 
Fig. 5. Soil loading stages and its destruction: (a) start simulation; (b) local stresses avalanche breakdown of the structure 
The results of the numerical experiment shows that the limiting condition occurs at loads greater than 6 kN. 
These values show a more accurate result than the dependence describing friction interaction. We define the 
analytical dependence, on the basis of the results obtained. 
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4. Analytical calculation model 
In the course of research work investigated the stress-strain state of the surrounding soil when applying screw 
piles. A model was developed, which allows to calculate the bearing capacity. In contrast to the existing principles 
of determining bearing capacity, considering the ground work in the contact zone, the proposed method involves a 
different approach, based on the criterion of Mohr-Coulomb strength at elastic-plastic nature of the behavior of soil. 
 
 
Fig. 6.Graphs of the load - deformation, obtained by numerical methods 
 
Fig. 7. Calculation scheme for determining the carrying capacity of screw piles 
Use the criterion of strength Mohr-Coulomb.  
tg cW V M     (1) 
Instead the side surface friction coefficient use the the values obtained in the experiment. Then the bearing 
capacity pull-find from the equation:
du c cfF = u ( )i i itg c hJ J V M    ¦   (2) 
Get a the bearing capacity pull-out considering the reduction of soil (Fdu = 7.24 kH). This equation takes into 
account the reduction of soil and structural strength. The values obtained more reliable than asked [1, 2] to take into 
account only the consistency of the soil. 
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5. Conclusions and recommendations 
As a result of carried out research work was obtained equation accurately describes the interaction of soil and 
helical piles. The calculation method allows you to get away from expensive testing piles. Instead, you can use these 
geological engineering survey on shift unit. 
We recommend the use of the proposed design of the pile to obtain, if necessary: 
(1) The increased the bearing capacity. 
(2) In dense urban areas. 
(3) When there is no possibility to carry out costly static tests. 
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